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INTRODUCTION 

Sodium s a l i c y l a t e  s e n s i t i z e d  pho tomul t ip l i e r s  have been 

used f o r  many years  as  photon d e t e c t o r s  i n  the  near  and 

vacuum u l t r a v i o l e t  s p e c t r a l  region.  This i s  due t o  t h e  f a c t ,  

r epor t ed  by seve ra l  authors  1y293, t h a t  the  phosphor possesses  

t h e  d e s i r a b l e  proper ty  of having a luminescent e f f i c i e n c y  

which i s  e s s e n t i a l l y  independent o f  t he  wavelength of  t he  

inc iden t  r a d i a t i o n .  While using sodium s a l i c y l a t e  i n  our 

l abora to ry ,  i n  t he  course o f  measurements i n  the  vacuum 

u l t r a v i o l e t ,  i t  was not iced  that t h e r e  was an apparent 

decrease i n  the  i n t e n s i t y  of t h e  r a d i a t i o n  emerging from 

t h e  e x i t  s l i t  o f  the  monochromator w i t h  time, p a r t i c u l a r l y  

a t  s h o r t e r  wavelengths, a s  measured wi th  t h e  phosphor- 

photomul t ip l ie r  combination. This decrease w a s  a t  f i r s t  

a t t r i b u t e d  t o  a d e c l i n e  i n  g r a t i n g  e f f i c i e n c y  or  a change 

i n  source c h a r a c t e r i s t i c s ,  o r  both,  but  measurements wi th  a 

c a l i b r a t e d  r a d i a t i o n  thermocouple showed t h a t  t h i s  w a s  no t  

t h e  case .  A r e t u r n  t o  t h e  i n i t i a l  s p e c t r a l  d i s t r i b u t i o n  

upon a p p l i c a t i o n  of a f r e s h  phosphor coa t ing  showed that t h e  

sodium s a l i c y l a t e  i t s e l f  had decl ined i n  s e n s i t i v i t y .  More 

d e t a i l e d  experiments showed t h a t  t h e  d e c l i n e  i n  t h e  response 

of t h e  phosphor was due t o  a combination of two e f f e c t s ,  a 

p r e f e r e n t i a l  decrease a t  s h o r t e r  wavelengths due t o  prolonged 

exposure t o  t he  atmosphere of  t h e  monochromator and a genera l  

d e c l i n e  a t  a l l  wavelengths due t o  exposure t o  a l a r g e  number 

of  e n e r g e t i c ,  h v a  7.7eV, photons. 
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EXPERIMENTAL 

The monochromator used i n  t h i s  work was a 4Ocm normal 

incidence instrument designed by D r .  K. J. Teegarden of this  

labora tory .  Deta i led  desc r ip t ions  a r e  found elsewhere 4,s . 
The r a d i a t i o n  source was a quartz  discharge lamp, operated 

on hydrogen, which was open a t  one end. The r a d i a t i o n  from 

t h e  lamp passes  through a va r i ab le  entrance s l i t ,  i s  d i s -  

persed by the g r a t i n g  and then passes  through a v a r i a b l e  

e x i t  s l i t  i n t o  t h e  sample chamber, a "ref lectometer" ,  
6 designed by one of  us (AMS) . Figure 1 shows a schematic 

diagram of t h i s  device .  The r a d i a t i o n  thermocouple used 

i n  our work was f a b r i c a t e d  by Charles M. Reeder and Company 

and was mounted i n  a s p e c i a l  ho lder  f o r  i n s e r t i o n  i n  t h e  

r e a r  accessory p o r t  of t h e  r e f l ec tomete r .  

For measurements i n  which t h e  e f f e c t  on t h e  response 

of t h e  phosphor of prolonged exposure t o  t h e  environment of 

t h e  monochromator (environmental f a t i g u e  i n  t h e  fo l lowing)  

w a s  determined, t h e  e n t i r e  f ace  o f  t he  probe, shown i n  

F igure  1, was coated w i t h  sodium s a l i c y l a t e .  By comparing 

t h e  luminescent s i g n a l  seen by the  photomul t ip l ie r  wi th  t h e  

s i g n a l  seen by t h e  thermocouple t h e  r e l a t i v e  quantum y i e l d  

of t h e  phosphor l a y e r ,  3 
I 

de f ined  a s  

photomul t ip l ie r  s i g n a l  - - 
h x( thermocouple s i g n a l )  '1 r e 1  
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could be measured. These measurements were continued over a 

per iod  of time, w i t h  t he  sample maintained i n  t h e  i n t e r i o r  

of t he  monochromator s o  t h a t  t he  time dependence of t h i s  

environmental f a t i g u e  could be determined. 

For determinat ions of  the  e f f e c t  o f  i n t ense  r a d i a t i o n  

on the  response of t h e  phosphor, r e f e r r e d  t o  as r a d i a t i o n  

f a t i g u e ,  t h e  probe was coated i n  two  sec t ions  separa ted  by 

an uncoated s t r i p  i n  the  cen te r .  One s i d e  was then 

i r r a d i a t e d  with a known number of  quanta,  o f  energy hwo, 

while t he  o the r  coated sec t ion  was kept out o f  t h e  beam f o r  

comparison purposes. A t  spec i f i ed  i n t e r v a l s  t h e  response of 

t h e  i r r a d i a t e d  s e c t i o n  was compared t o  t h a t  of t h e  un- 

i r r a d i a t e d  sec t ion .  The r e s u l t a n t  r a t i o  was thus  a measure 

of t h e  change i n  response brought about by i r r a d i a t i o n .  

RESULTS 

Figure 2 shows the  r e l a t i v e  quantum y i e l d  of  a 

r e p r e s e n t a t i v e  sodium s a l i c y l a t e  sample a s  a func t ion  of 

time i n  t h e  environment of t h e  monochromator. The t o t a l  

amount of r a d i a t i o n  t o  which t h e  l a y e r  had been exposed 

dur ing  th i s  s tudy was much smal le r  than t h a t  requi red  t o  

cause apprec iab le  r a d i a t i o n  damage ( see  fol lowing paragraphs) .  

The decrease i n  response i s  obvious and i s  more pronounced a t  

s h o r t e r  wavelengths. If the values  of  t h e  response a t  a 

given wavelength a r e  p l o t t e d  aga ins t  time t h e r e  i s  some 
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i n d i c a t i o n  of a dependence of t h e  form 

The s t e p - l i k e  decrease noted i n  t h e  response o f  a 

f r e s h l y  prepared l a y e r  i s  shown i n  more d e t a i l  i n  Figure 3 

and w i l l  be discussed i n  a l a t e r  s e c t i o n .  

Figure 4 shows p l o t s  of  t he  r a t i o  of t he  s i g n a l s  from 

t h e  i r r a d i a t e d  and con t ro l  s ides  of t h e  probe v s  t o t a l  

number of photons inc iden t .  The number l a b e l i n g  each curve 

r e f e r s  t o  the  energy of t he  i r r a d i a t i n g  photons .  It i s  

seen t h a t  t h e r e  i s  a d e f i n i t e  decrease i n  response and t h a t  

f o r  a given number of photons t h e  decrease i s  l a r g e r  f o r  

photons of  g r e a t e r  energy. These sodium s a l i c y l a t e  l a y e r s  

were prepared under e s s e n t i a l l y  i d e n t i c a l  condi t ions  s o  

t h a t  each l a y e r  should contain approximately the same 

number of molecules. This  number, of  the  order of  

1017 mol/cm , was obtained by accura te  weighing o f  i d e n t i c a l l y  

prepared l a y e r s .  For a given photon energy somewhat t h inne r  

l a y e r s  show a s l i g h t l y  more r a p i d  decrease i n  response than  

those  above, while t h i c k e r  l a y e r s  a re  somewhat l e s s  s e n s i t i v e  

t o  t h e  r a d i a t i o n  f a t i g u e .  Experiments i n  which the  sample 

was i r r a d i a t e d  by t h e  zero order beam from t h e  monochromator 

f i l t e r e d  t o  remove a l l  wavelengths s h o r t e r  than 1600A, have 

shckv. t h ~ t  t h e r e  may be a photon energy threshold  f o r  t he  

f a t i g u e  e f f e c t ,  f o r  although the  t o t a l  amount of energy 

inc iden t  was comparable t o  o r  g r e a t e r  than t h a t  employed 

2 

0 
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using h igher  energy photons, no decrease i n  response was 

observed. 

I n  add i t ion  t o  t he  d a t a  shown i n  Figure 4 some 
0 

information i s  a v a i l a b l e  f o r  = 584A. The measurement of 

photon f l u x  i s  very d i f f i c u l t  a t  t h i s  wavelength due t o  t he  

low i n t e n s i t i e s  ava i l ab le ;  however, t h e r e  i s  i n d i c a t i o n  t h a t  

these  photons a r e  s t i l l  more e f f e c t i v e  i n  producing a decrease 

i n  response than those of lower energy. 

DISCUSS1 ON 

A t  p resent  we a r e  unable t o  expla in  the  f a c t  t h a t  t h e  

r e l a t i v e  quantum y i e l d  of sodium s a l i c y l a t e ,  as measured 

w i t h  our apparatus ,  i s  not by any means f l a t .  We have 

attempted t o  f i n d  some systematic e r r o r  which would cause 

the observed behavior,  but  t o  d a t e  have been unable t o  do s o  

and must t h e r e f o r e  leave  the disagreement wi th  e a r l i e r  d a t a  

a s  cn unresolved ques t ion .  I n  t h i s  paper we a r e  concerned 

only with changes i n  the  y i e l d  and so,  although somewhat 

d i sconcer t ing ,  t he  i n i t i a l  shape of  the  y i e l d  curve does 

n o t  e f f e c t  our measurements. 
3 H a m a n n  has  s t a t e d  t h a t  t h e  response of sodium 

s a l i c y l a t e  saqples  maintained i n  a i r  f o r  per iods  of a year  

o r  more shows no appreciable  dec l ine ,  s o  t h a t  t h e  decrease 

f'uiiiid here 5:: definitely a r e s u l t  of  exposure t o  t h e  

atmosphere of t he  monochromator. This  d e c l i n e  i n  y i e l d  may 

be connected w i t h  (1) t h e  formation o f  an absorbing l a y e r  on 
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t he  phosphor ( th i s  suggest ion seems t o  be supported somewhat 

by t h e  f a c t  t h a t  t h e  decrease i s  more pronounced a t  s h o r t e r  

wavelengths);  (2) p o s s i b l e  chemical r e a c t i o n  wi th  some 

c o n s t i t u e n t  o f  t h e  monochromator atmosphere o r ;  (3) evapora- 

t i o n  o f  po r t ions  of t h e  coat ing.  

information about t h e  mechanism of the  luminescence and t he  

chemical p r o p e r t i e s  of sodium s a l i c y l a t e  however, such 

suggest ions must remain specu la t ion .  

Lacking more d e t a i l e d  

The f a c t  t h a t  t h e  radiat ion-induced damage appears t o  

possess  an energy threshold  and t h a t  the  number of quanta 

r equ i r ed  t o  cause appreciable  damage i s  o f  t h e  same order  

of magnitude a s  t h e  number of molecules i n  t h e  phosphor 

coa t ing  seems t o  i n d i c a t e  t h a t  some s o r t  of photochemical 

r e a c t i o n  i s  occuring. 

of t h e  phosphor, o r  a s  suggested before ,  a r e a c t i o n  with 

substances i n  the  monochromator environment. An observat ion 

This may be  an a c t u a l  decomposition 

p e r t i n e n t  t o  t h i s  d i scuss ion  i s  t h e  f a c t  t h a t  we have no t i ced  

a r a t h e r  s t rong  luminescence, under 25374 e x c i t a t i o n ,  from 

those  p a r t s ,  and only those p a r t s ,  o f  t h e  l i g h t  b a f f l e s  

0 

which i n t e r c e p t  p o r t i o n s  of t h e  beam, p a r t i c u l a r l y  t h e  0-order,  

i n s i d e  the  monochromator. 
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C ONC L U S  I ON 

The p r i n c i p a l  goal  of t h i s  work w a s  no t  t o  p re sen t  

d e t a i l e d  explanat ions of t h e  observed e f f e c t s  but  merely t o  

p o i n t  out t h a t  t h e s e  e f f e c t s  do e x i s t  and t h a t  because o f  

them c e r t a i n  precaut ions  should be observed i n  t h e  use of  

sodium s a l i c y l a t e .  The e s s e n t i a l  p recaut ion ,  on the b a s i s  

of t h e  r epor t ed  da ta ,  i s  t h a t  t he  c o a t i n g s  should be 

renewed a t  r a t h e r  sho r t  i n t e r v a l s  and t h a t  t h e  atmosphere 

of t he  monochromator be kept as c l e a n  as p o s s i b l e .  
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L I S T  OF FIGURES 

Figure 1 Schematic arrangement o f  t h e  " re f lec tometer"  

used i n  t h i s  work. 

Figure 2 Re la t ive  quantum y i e l d  of a sodium s a l i c y l a t e  

sample a s  a func t ion  of time i n  the  atomsphere 

of the  monochromator. 

Figure 3 Re la t ive  quantum y i e l d  of a f r e s h l y  prepared 

eodium s a l i c y l a t e  sample. 

Figure 4 I r r a d i a t i o n  f a t i g u e  study of sodium s a l i c y l a t e  

f i l m s .  Numbers l a b e l i n g  each curve r e f e r  t o  

t he  energy of t h e  photons used t o  produce the  

dec l ine  i n  response. 
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